Discharge-driven shifts in the wetted area of streams can modify the amount of leaf litter resources available to stream consumers as well as the physical conditions to which leaf litter is exposed. The consequences of this continual movement from wet to dry storage for rates of organic matter processing and resource availability to benthic communities are poorly understood. We used a 30-day field experiment during the period of maximum stream contraction to examine the effects of stranding on black cottonwood (Populus trichocarpa) leaf litter decomposition rates and associated changes in microbial respiration in a forested stream in western Montana. Leaf litter was enclosed in both coarse and fine mesh bags and moved from the wetted area of the stream to the stream bank in six treatments designed to mimic a gradient of dry exposure due to stranding. We also measured existing accumulations of organic material in quadrats placed in both wet and dry areas of the stream. The total storage of litter resources (ash-free dry mass, g m 2 ) retained on dry stream banks increased steadily as stream flow decreased, resulting from reductions in wetted width and continuous inputs from terrestrial zones. In contrast, total mass of stored litter submerged in the stream channel remained relatively constant. Leaf decomposition rates increased as a function of time inundated and were fastest in the presence of macroinvertebrates. Our results suggest that prolonged stranding can alter fundamental processes and energy pathways in stream food webs by shifting pools of resources from the active channel to dry storage on riverbanks where decomposition is driven primarily by microbial processes. Since the length of time that leaf litter is inundated prior to stranding alters decomposition rates, changes in stream hydrograph variability (as a consequence of land management practices or incipient climate change) has the potential to alter energy flow through stream systems. In particular, dry storage may function as a type of 'temporal subsidy' for stream organisms particularly if slowly decomposing stranded leaf litter is re-entrained during periods when in-stream detrital resources are otherwise scarce.
Introduction
Streams have been conceptualized as containing a dynamic assemblage of patches within their active channels [1, 2] , yet ecologists do not typically think of the area of a stream being highly dynamic, particularly for relatively confined systems such as headwater streams, or the biological consequences of these fluctuations. Stream discharge tends to fluctuate widely both over long (seasonally-driven) and short (spate-related) timescales, ensuring that the wetted width of a given reach also varies substantially. While the physical and ecological effects of flow variability on processes and functions within streams have been well studied, far less is known about how expansion and contraction of aquatic habitats may change overall rates of key ecosystem functions such as organic matter decomposition [3, 4] particularly within an experimental framework.
Changes in flood timing and frequency will necessarily redistribute standing stocks of organic material between wet and dry zones of the stream channel, and potentially modify its rate of incorporation into the food web [5] . As water levels rise, dry leaf litter on banks and floodplains can become entrained; this litter is then redistributed within the active stream channel were it may be available as a resource to stream detritivores. Once leaf litter enters streams, the retention of that material becomes a function of interactions between the streambed, flow, and physical properties (such as settling velocity and shape) of the (Table 1) .
Stream channel area and litter storage measurements
Throughout June, July and August (and one additional measurement 150 days after the start of our experiment, to capture changes following the first fall freshet), we took weekly 
Decomposition experiment
During June, Populus trichocarpa leaves (from branches which had naturally detached from trees) were collected from the field site and air-dried in the laboratory for two weeks prior to enclosure in litter-bags (13 x 13 cm; 2 g leaf litter-bag -1 ). Green leaves generally have faster rates of decomposition than leaves that have naturally senesced from trees [17, 18] . We used green leaves to match our litter decomposition and distribution assessments to the season in which we were conducting our experiment leaves [6] . As such, the distribution and movement of leaf litter within a stream is sensitive to changes in channel discharge.
Conversely, as water levels fall, partially decomposed leaf litter from within the wetted stream channel can become stranded on the stream bank and exposed gravel bars -with decomposition then proceeding in a "dry" environment.
The availability of terrestrial organic matter within the stream corridor as a whole will be affected by variation in microbial and invertebrate-mediated rates of litter decomposition under inundated and stranded-dry conditions. Once stranded, leaf decomposition likely proceeds independent of stream organisms [7] ; rates of decomposition in terrestrial systems are known to be consistently slower than in aquatic systems [8, 9] . In terrestrial environments, organic matter decomposition is controlled by moisture levels dictated by the sequence of drying and wetting [10, 11] , a process that alters nutrient conditions [8, 12] and drives changes in litter quality [13] . Colonization by leaf-shredding invertebrates appears to be inhibited by repeated stranding, generally slowing rates of organic matter decomposition [4, 14] invertebrates [20, 21] . We used analysis of similarities (ANOSIM) with a Bray-Curtis similarity-dissimilarity matrix to determine differences in invertebrate community structure and composition for each litter stranding treatment. Our analyses were conducted using JMP version 7 and Primer version 6. Differences in the total amount of organic matter stored per m 2 of wet versus dry areas of the stream over the course of the study were assessed using a t-test assuming unequal variances.
Results

Organic matter storage
The mean quantity of litter mass stored on dry stream banks over the entire sampling period was greater than the mean amount present within the wetted channel ( Figure 1A ; total mean litter mass on dry stream bank: 10.39 ± 7.7 g m -2 ; total mean litter mass in wetted channel: 5.83 ± 8.2 g m -2
; F 1,207 = 12.7 p < 0.0005).
As water levels fell, the proportion of dry stream bank (and the absolute amount of organic matter stored there) increased over the time period represented by this study ( Figure 1B ).
Decomposition
Leaves in coarse mesh bags decomposed significantly faster than leaves in fine mesh bags and the magnitude of this difference in overall decomposition rate increased with greater length of inundation ( Figure 2 ; treatment k, mesh size ´ days inundated, These measurements were used to determine initial DO values for stream water immediately before adding it to leaf litter and sealing it to incubate for a 24 hour period in darkened, 60mL
Laboratory procedures
gas-tight vials containing stream water and 8-10 discs (7 mm diameter) of leaf litter. Respiration measurements were initiated within 3 hours of collection on each sampling date; samples were maintained at a constant 4º C for the 24-hour period. Respiration was calculated using linear regressions of oxygen consumption per hour, and is expressed per unit AFDM of leaf discs [19] .
Statistical analysis
Since our primary interest was in determining the cumulative 
Discussion
We measured the distribution and rate of decomposition of organic matter in terrestrial and submerged portions of the stream channel, sequentially moving litterbags between these habitat compartments to mimic a decrease in stream discharge (e.g. as might occur over summer months). Terrestrial storage increased over the duration of our late summer study; likely through an increase in both stranded organic matter and as more dry area became exposed to receive new inputs from overhanging vegetation. Our decomposition experiment suggests that the material retained and stored on these dry riverbanks will decompose at a significantly lower rate, effectively creating a 'resource bank' of plant litter material available to aquatic consumers only when water levels rise sufficiently to immerse it.
Increasing the length of time that litter was immersed relative to the length of time it was stranded significantly increased overall decomposition rates, suggesting that the rate at which stream flow decreases may be an important component determining ecosystem rates of organic matter processing. This suggests that even small amounts of conditioning in stream water are sufficient to enable substantive microbial colonization and continued decomposition once litter is stranded. In contrast, there was a strong relationship between the time spent inundated prior to stranding and the rate at which decomposition of leaf litter in exposed coarse mesh bags proceeded emphasizing both the dominance of invertebrate mediated decomposition in this system as well as the necessity of immersion in the active stream channel for these organisms to successfully colonize leaf material. As in the floodplain study by Langhans and Tockner [16] , duration of inundation appears to be a strong driver of overall rates of decomposition in the aquatic-riparian corridor for both microbial and invertebrate decomposition pathways.
Microbialvs. Macroinvertebrate-mediated decomposition
The differences in rates of mass loss typically observed between coarse and fine mesh bags are generally assumed to result from the different contributions of microbial versus invertebrate communities to the process of decomposition [31] with physical abrasion thought to play a notable role in decomposition rates in coarse mesh bags where sand and gravel in suspension actively abrades leaf surfaces [32, 33] .
Increasing the length of time that leaf material was inundated (and decreasing the total amount of time that leaf material spent on the dry stream bank) resulted in a generally enhanced rate of decomposition where leaf litter was also exposed to the greatest access by macroinvertebrates. Although we did not separate invertebrates collected on litter bags into functional feeding groups, the overall colonization by invertebrates was foreshortened (lower total invertebrate biomass) as the time spent outside the water increased. We estimated the mean invertebrate contribution to total mass lost in the inundated treatments to be 16.2% ±3.2% -values that are within previously reported ranges [34] [35] [36] 
Organic matter storage
We observed a pattern of steadily increasing accumulations of leaf litter per unit area of dry stream banks while the stream hydrograph was declining ( Figure 1A ). Since the proportion of dry to wetted area within our experimental reach also increased ( Figure 1B) during the late summer months in which we conducted our experiment (a phenomenon that will be common to nonspring fed streams and exacerbated in ephemeral or drought prone systems) the total biomass of organic matter accumulating in dry storage over the period of declining stream hydrographs is substantially greater than the quantities submerged in the stream channel. While aquatic habitats process organic material at far greater rates, riparian areas, cobble bars and stream banks are the primary storage locations in headwater streams.
While this may not be a constant relationship across seasons, the accumulation of mass on dry banks likely co-occurs with the period of greatest resource constriction (both habitat area and stored organic matter) in headwater streams. By definition, stranded material will only become available to stream consumers during or after flood pulses, potentially reducing the amount of nutrients and structural material available to aquatic organisms during periods of relatively low flow. As streams contract in area, mobile invertebrate consumers will be increasingly concentrated on the remaining resources in the wetted channel [22] , potentially accelerating detrital processing rates in those habitats. The demonstration of the positive link between the standing crop of CPOM and the density of invertebrates has broad support in the literature [23, 24] . Increasing disconnection between the streambed and floodplain organic matter dynamics may exacerbate seasonal food limitation experienced by headwater macroinvertebrates [25, 26] . Alternately, consumers may benefit if discharge generated pulses of leaf litter coincide with periods of low detrital resource availability in the stream (e.g. winter). The degree to which consumers may benefit from these resource pulses is thus directly related to their phenology.
Duration of Inundation
In our study, overall leaf litter decomposition rates varied considerably, increasing as the duration of inundation of leaf material increased. The change in decomposition rate in fine mesh bags with increased periods of inundation was least dramatic. In . Leaf litter decomposition rates in coarse mesh bags in our study were likely greater than other similar studies due to the use of leaf packs that were of relatively low initial mass (2 g) generally consisting of not more than 2 individual green leaves; factors that are known to produce elevated decomposition rates [see 29, 30] . However our measured rates of decomposition in fine mesh bags are consistent with earlier work by [3] . Overall rates of leaf decomposition in fine mesh resource bank may provide a invaluable 'temporal resource subsidy' (i.e. autumnal resources subside springtime consumer production) at a time when litter resources are otherwise scarce [25] . Conversely, in systems where autumnal spates redistribute and inundate leaf litter, the streamside resource bank of leaf litter will be depleted, limiting the amount of 'temporal resource subsidies' available for springtime consumers. Anthropogenic alterations to stream hydrographs-due to land-use shifts, dam diversions, or as responses to climate change-have the potential to decrease resource connectivity to terrestrial zones [16] .
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Implications
Where streams are hydrologically variable, leaf litter resources will be exposed and rewetted more often than in streams that are hydrologically stable (e.g. spring-fed streams). Hydrologically unstable streams, with larger scale duration and magnitude of flows or flow variability, will create greater connectivity with the stream banks and floodplain, and accelerate ecosystem processes such as nutrient transport [38] . By shifting the distribution of allochthonous organic matter between terrestrial and aquatic compartments of the stream corridor, changes in channel discharge (or variability in retentive elements of channel morphology) can influence the availability of this resource for consumers in both wet and dry zones. Since decomposition in wet and dry ecosystem compartments proceeds at different rates (due to system-specific microbial and invertebrate roles in detrital processing), temporal partitioning of this resource between habitats will depend on the degree of within-and among-season variability in discharge. In systems where stream discharge regimes are characterized by low fall and winter discharge and spring snowmelt-driven spates, this -the Importance of Detritus C-N-P Content. Oecologia 94:
